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Ewm or’ MEBJEAI.L! COOLING ONLY THE OVERHEHATED
OYLINDERS OF ATRORAFT EWGINES

.'By .Arnold E. Biermann, George Re Miller
- and Hugh M, Henneberry.

SUMMARY

Cylinder-to~cylinder temperature and mixture distributions of
four AAfferent alrcraft englnes were analyzed to determine the pos-
slble economy of automatically suppiying water or additional fuel
to only those oylinders hawing cxressive tenpsrautures, The cool-
ing protlem as distinmuished from the fuel--knock problem was
studlied gnd an anaiysis limited to those cases in wvhich addi-
tional cooling 1s ordinarily obtained by ca.rburetor enrichment
ves medee

The results show that, for conditions in which overheatling is
reduced by enrichins the mixture to the entire enszine, reductions
in fuel consumption from 7 to 37 percent may be obtained for
crulsing operation by susplyin:; water or fuel to only the over-
heated cylindersc Ap:reciuble galne in economy are also indicated
for temperature-limited engines owerating al ratod~power fuel-alr
ratio and for temperature.limited ongines having uniform fuel--alr
mixture distributiuvne, In general, impgoveaents in economy are
found to be practically independent of the sensitiviiy of the
coolantwmeterinsg device for sensltivitles {fiow response with
respect to tamperature change} greater than 1.5 pound: per hour
per °F,

INTRODUCTION

Several methods of improving temperature distribution in a
radial eir-cocled engine with a 335U-cubic-inch displacement have
been triocd, These melhods include merns of iwproving thé ceoling-
alr'distributlon, meuns of obtaining a more unlform fuel-mixture
distribution, reference 1, and means of supplylng internel -coolants
to specifiod cylinders :ln the engine,
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As part of ‘the gombral program of impro¥lag ths temperature
distribution of this engine requested by the Air Technical serv-
ice Command, Army Alr Forces, an -analysis to dvtermine the
advantagos of supplying an internal coolant, water or additional
fuol, as a function of the temperatires of the overheated alrcraft-
engine cylinders wes made at the NACA Cleveland laboratory during
the early part of 1945, The tdmperature and mixture digtributions
of the R-3350 englne and of three other radial alr-cooled enginos
were anelyzed to determine the possible economy ohtained by supply-
ing water or additional fuel to only those cylindors having exces-
sive temperatures. The cooling problem as .distinguished from tho
requirements inposod by fuel knock 1s considered end the investl-
gation is limltod to those casos in which additional:'cooling is
ordinarily obtained by enriching theo mixfure to tho ontire englne.

. . .METHODS OF AMALYSIS

~ Oylinder-to~cylinder temperaturo and mixture dlstributions of
.represcntative alrcraft engines woroc obtained from fuel volatility
flights tests conducted in 1944 by the Army Air Forcos and the
Coordinating Fuel Research Committoe and from refcrence 2 and
unpubliechod NACA deta. The quentity of additional fuel required
to reduce tho cylinder tumperstures to assumod valuos by supplying
fuel to the ontire engine was then compared with the amount of

- additional fuel or water required to reduce only the tanpera.tu.res
of tho ovecrhea.ted. cylinders,

Assuned Condltions of the Anslyslis’
The enalysis was based on the followlng assurptions:

.1, Basic.fuel-alr ratios of 0.065 and 0,086 for cruising and
. rated power operation, respectively., (Tho.torn "basle
. .. fuel-alr ratlo" is dofined as the fuelw-air. mixture ..
metered by the carburetor as dlstinct from tho fuelealr
mixture of the individual cylinderss) )

2¢ A thermostatically operated coolant velve for automatically
supplylns additionel fuel or water as required by each
cylinder, (The flow rosponse of such a wvalve with respect
to a change in tanpera.tiu-e is referred to as- "Va.'l.vc scnsi-
tivity" and is noasured in 1b/hr/°F.) _

3¢ A cerburetor having an infinitely wvariablo mixturc contnol.
(This assumption is conservetive because only two positions,
autonatic loan and sutomatic rich, are used in nractice.)

4, A grade of fuel adequate to prevent fuol kmock
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He Tniforn. cha.rge-a.:lr d.:lstribution
G -Each: cyl:l.nd.er snriched tho..same amount whon tmperahn'es -
_aro roduced 'by carburetor enriohing RS kB
Te Thée power output or specif'.’l.c fuol conmmption uncha:hgod.
) vhen' vater is used as a coolant - .
S. Oonstant .cha;'se-air. flow cond:ltions- .
Experimontal Bngine Date Used in the .A.naiynis
The orlginal condltions of onglne operatlion from which the
anelysls was made are listed in the followlng ta.‘ole:
' 1 I]hgine'mol- Icooling-air Manifold
Engine : Reforence [Tost 'bhp spood '|eir [pressure ressure
. othod (rpm) |ratio|dron, AP in, Hg
: | (in. wator)|absa,)
I (R-1820) j AAF-.CFRC 'Tight| 600 | 1940 [0.065 [~———m——me—av 292
| flight (c-b7)
| tosts
11 (R-3350) 2 Test |1200( 2000 {0.070| 10490 32,6
gtand
IIT (R-1830) HACA Tost 697! 2250 |0,070 8.00 33e9
' unpublishod| stand ] '
data . .
IV (R-2800) |KACA Flight| 818 1794 {0,064 6438 309
unpublished |(3-26) -
Jdate |
vV (R-2800) (NACA - [Flight [1010 | 1996 {0,086| * 6493 3361
| unpublished |{B-26) !
-| data '

Although the analysis was chicfly concorned with oruleing ‘condi-
tions, one exanple at a ratod power fuel-air ratio wae dosirables
Engine IV was choser boceuse of avallablo data at thig fuel-air

ratio.

A fucl-alr ratio of 0,065 r'epresemting crulsing conditions was

desirable for the analysise

Becauso the engine II and englne III

data were different from this value, they wore convertod to'a basic

fuol-alr ratio of 0,065 -by ueing plots sinilar to figure 1.

The

engine IV data at a fuol-air ratio of 0,064 were.hot converted to &

fuel-alr ratio of 0,065

For simplicity, such data are referrod to
in the text as having a fuol-alr ratio of 0,065, although they are
laboled in the figures with tho actual valuecs useds
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The temperature of each englhe war edjueted to, various-
temporatyre~limited levels by varying all cylindor tanporamros
equal amounte, - Theioriginal curves and the final modified;curves
for tho highest temperature~iimited condition used in the.calcula~
tions are presented in figures 2 to 6, The analysis was chiofly
concorned with existing fuel-air ratio distribytion conditions Jbut
ono examplo of uniforn cylinder—to~cylinder fuel-air ratlio a1 gtrim
bution was dosirablc to show the possible effect of future improvo-
nents, Engino III was sclected for-this purnoso-and figuro 3 shows
tho existing fuelwalr ratio distribution modified to uniforn fuol-~
alr ratio distribution.

Hethod. of O'bta.ining "':‘1na.1 Results

o Fuol cooling. - The nothod used to obtain tho final rosults 1is
‘iIlustratod: by & ‘hypothetical throe-cylinder onglno,: An essuned
‘curvo of carburetor fuél-air ratio plotted against .cylindor ton-
noratiro was drawn throuzh tho three cylindor tcmpeoratures 4, B,
and- ¢ for the solocted carburotor setting (fige 7(n))e. The fuel-
alr ratio- of - tho. curvos at points'Ay; B, and C corrospond te--tho-. ..
individual cylindor fuol-alr ratio at tho cruising cprburetor Bct--
ting, ! Tho curves for cach cylinder in :E'igl:l.ro 7(=) ers tho sane
tliape axcont. thay rrc shiftod by variatlons of fucl flow and cylin~
dor tampoeraturo, Tho a'bgci ssa of figure 7(a) was convortod to fucl
Tlow and thon convartod.to fuel -flow in excoss of cruiging carburotor
sotting and plotted in figuro 7(b). ZFor. continued operation, 1t is
assuntod that tlio enzine must onorate below a maxirnun teaporaturo

7, (fig. 7(d))s Tho difforonco botween tho highust eylinder ten~
poraturc without additional fuol nnd tho naxinun allowable cyl:l.ndor
tamporature T; 1s the inltial toz:nera.tu.ro difforonce AT, Bocauso
of tho toperaturo-flow cheractoristics of thernostaticnlly oporatod
valvos, it 18 nocossary if the cylinder tomperatures arae to bé
1initecd to a valuo of Ty that additional fuol bo added starting
at a lowor tomperature To (valvo-sonsitivity line, fige 7(h)).
“Zhe ¥alvé-sonsitivity lino roprosonts the variation in coolant flow
pornittod by tho control valve for a givon varlation 1-1 tomporaturo
and 1s assumed constant ovor the-oporating range. .

It 1s cvidont from fizure 7(b) that, if T; 1is not to bo
exceodod, tho control valves must add X  fucl to-cylindor 1,
Y . fuol to cylinder 2, and no fuol to cylindor 3. If cooling is.
to bo accompllehed by car'bu.rotor enrichment, the carburctor mst
enrich each cylinder by X' anou.nt and bho resulting. cylindor £an.
peraturos will 'be A' - B, and G' e . .

« T oa
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T,

Cylinder fuel-air re,t:!.os needed. to reduse the temperature of-
the hot cylinders. o maximum allowable temperature were calculated
"and’ the respective brake . epeeiﬂe i.‘u.el— condumption values were found
for both controlevalve and ca.t"buretor enrichment, - Oomparisons of .. .
the two methdds .of a.cming fuel exe presented by the folloulng e:pres.-
slon in terma of peroentage galneds

) ( : av."befe 1nd1vid:ual valve contrbl)mo .
N a'vr. 'befc Oa.r'buretor enriohin.g :
. ' -

An exa.mple ig preaented. 1n flgure’ 7(0) :I.n vh:lch the initial.’
temperature difference AT 1s considerably smaller than in fig-
ure 7(b)e¢. ‘In this exammple, valve enriching 1s only required for
cylinder 2; however, with carburetor enrichment, Z amount of fusl
must be added to each cylinder because the -temperature of cylinder 1

wlll exceed the allowable temperature T; upon slight enrichment of
the carburetor. .

Special cases, fuel cocling., — Because of ‘the shepe of the
curves of additional fuel plotted agalnst temperature, the follow-
ing two conditions arise, which can cause a greater consumptlion of
fuel wlth valve enrichment than would be obtained with carburetor
enrlichment:

1o In figure 7(d), the initlal temperature Ty for cylinder 2
1s below the maximum allowable temperature T; but above the wvalve
opening temperature T,y which causes R amount of fuel to be

added to cylinder 2 with a resultant loss in economy because no
enrichment 1s requireds

2, In figure 7(b), with carburetor emrichment X emount of
fuel 1s added to each cylinder and with valve enrichment X amount
of fuel 1s.added to cylinder 1l,. If the cooling conditions improve
during operation, all temperatures will be lowered and the value
of X will decrease, When the temperatures have redunced to the
conditions represented by figure 7(d), the muantity of fuel injected
into cylinder 1 1s represented by S, If the pilot momentarily
shuts off the additional fuel, the temperature of cylinder 1 will
reduce to the value represented by poimt B, which 1g below the
valve-opening temperature Toe The fuel consumption will be lower
at polnt B than it was 'before closure of the sutomatic valve, A
similar situation exists when carburetor enricklment is used to reduce
cylinder temperatures. If the carburetor 1s manually controlied by
the pilot and the individual injection is automatic, the carburetor
control will give morse economical operation because no enrichment
is roquired under the cooling conditlons. ° '
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In the foregoing example. the e:u.tome.tie valve oan 'be eloaed
by a momentary reduction of temperatures to below the valve-sensi-
tivity line Toe.- Another method 18 to ocut off momentarily tho fuel
supplied to- the autematic *valve. I!echanieme for.closing the autow
matic valve to return the operation ‘to -the-basic fuel-alr ratio
setting line are referred to hereinafter g8 "elosing devices."
Wator cooligg. -fhe method, ueed to detennine the effecte of
supplying water individually to qverhea.ted. eylind.ere as -compared
“ with-curburetor enriching is quite similar to fhe method described
for fuel, ' Curves of water—-fuel ratlo plotted againet cylinder-
* .tempérmture turves were converted to wator flow plotted against cyl-
inder temporature for the selected carburotor setting (figo (e))o

The breke spocific-liquld consumption was found .for each cyl-
'inder by multiplylng the individual cylinder 'brake gpoclfic fuel

coneuqution by

\1 + fuel supplied. by car'bu.retor to cylinde

4 wet er e.dd.ed. by control valve >

T
- ' Thepe values were, averaged for the. engine and compa.red. with car-
buretor enriching by the following expression in terms ‘of’ percentago
ga.ined..

( 1 _ ave bsle, individn.ai valye contrpl 100“
avo befc. ca.r'buretor enriching

Illue,tra.tion of mothod 'u.eing englne I da.ta.. - ]‘igu.re Z{a)
" reprosents temperatures cf all cylinders for engine I for .fuel
flows in excess of a carburetor setting of 0,065 fuci-air ratio,
'The temperatures at the zero absclssa ‘are -those given in figure 2.
Tigures 8(b) to 8(f) are similar except that all individual cylin-
der temperatures for each ‘cylinder were lowored an équal :amount
below thoge taken fraom figure 2, - An arbltrary.meximum allowable
"roar-spark~plug-gasket temperature of Y00° F and a valve sensitivity
of 2 pounds per hour'per OF wore-.seloctod for thc analysliss -Tho
method used to analyze thc engine I data with water ‘as ‘the intoernal
coolant is 1llustrated in figure 9. “QOylinders 5 and 6 operate at
oxactly the same tomperatiure (fig. '2)» The slope of the curves when
wator-fuel ratio was plotted agninst rear-epa.rk—'plug-gasket t cp or A
ture wes taken from referenco 30

RESULTS AND DISCUSSION

Oruising operation with a basic fuel-alr ratio of O Oﬁ. - The
improvemonts in oconomy obtained with sutomatioc-valve onrichment as
compared with carburotor enrichmont are presentod in figure 10 for
the four engines, These data show spprociablo roductions in brake
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specific liquid consumptions, even with small amounts of internal
cooling, The gperating conditions ceusing negative lmprovements
in oconomy aré not extensive,  especielly if a closing device is
assumod,

The results for englno I with individual cylinder enrlching
(fig. 10(a)) show a saving of spproximately 7 porcent over ocar-
burctor emriching for an initial tempoerature difforonco as low as
200 ¥, This saving is accomplished even though the engine had
good mixture distribution and a spread in cylindor-head tampor-
atures of only 33° F (fig. 2). Tho percentage chango in fual or
liquid consumption becomes less as the initial temperaturc differ-
once 1s reduced for this englne because the hotteat cylinder 1s
aleo a rich cylinders This hottest cylinder 1s near the peak of
tho fuel-air and temperaturc curve and a small carburetor enrich-
ment will cool it wlthout causing the locan cylinders to rlse above
the maximum allowable temperature Ty (fig, 8). Similarly, engine
1V (fig. 10(d)) also shows a small saving in fuol or liquid con~
sumptlon with small 1lnitial temporature difforences because the
hottest cylindor is a rich cylindor (fige 5)e

Figures 10(b) end 10(c) for engine II and onglne III, rospoc—
tilvely, reveal approximatoly 17 to 37 percent reduction in fuel
consumption., Rosults for onglne II are probably consorvative
becaunso data wero not avallablo for 3 cylindors and calculations
were based on 15 cylindors.s Tho possible economios cited are the
rosults of tho wido rango of head temperatures and fuel-alr ratios
(figs. 3 and 4), Iarge changos in carburetor fuel-air ratio are
nocoessary to obtaln even a small amount of coolinz bocause, 1in
general, the hottost cylinders are also lean cylindorse. OConse-
quontly, large gains are possible for small initial tcmperature dirf-
forencos groator than zero, This fact is further explalned as
follows: When tho average fucl-alr ratio for an engine is near that
for best oconomy, the mixture wveluos of the various cylindors are
distributed on both sides of the temperature peak. Consequently, 1if
tho mixture to the entiro onglne 1s enriched in order to lower the
temporature of thoe oylinders at the temporature pesk, the temperaturc
of the lean cylindors will incroase and a still richer mixture will
bo required to bring the loan cylindors over to the xich side of
the temperature curve.

In goneral, cooling with water 1s somowhat more economical than
cooling with fuel under the foregoing conditione (fig. 10), inasmuch
as tho cooling curve for water has no temperaturo peaks Ingines
that have loan oylinders with high tamperatures (figs 3) show a
marked advantage of water cooling over fuel cooling for a fuel-alr
gotting near that of best economy, Subsequent tests have shown,
howover, that somoc of the eritlocsl aroas of the combustion chamber
are not adequatoly cooled with watere
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Operation with a basic fuel-air ratio of 0,086, - The reduc-
tions in fuel consumption with individual-valve enriching as com-
pared with ocarburetor emriching obtained for engine 1V operating
with a basic carburetor setting near that for maximum power are
ghown in figure 11, A comparison of figures 10(d) and 11 shows
that a change in the basic fuel-alr ratio from 0,064 to 0,086
rcduces tho possible gain in economy from 31 to 17 percents

Bffect of a change in maximum allowable tamperatures - The
curves used to calculate figures 10 and 11 are based on a maximum
allowablo temperature of 400° F. The samo curves, however, spply
for othor maximum allowable temperatures, beceuse all cylinder-head
tomperatures were assumed tc have the same relative spread for all
cooling-air conditions,.

Effoct of valve sensitivity. - All calculations wore made using
e valve sonBltivity of 2 pounds of liquid per hour per °p, Figuro
12, which 1s plotted for engine IV, shows tho effect of valve son-
sltivity on the economy of valve enriching. (The reciprocal of
valvo sensitivity is used in fig, 12 for convenionco of plotting.)
Oalculations wero made in the regular manner for sevoral valve
sensltivities and three initial tempersture differonces to deter—
minc posslble improvements over carburctor enrichings Preliminary
tests indicate that practical wvalves will probably have sensitivities
ranging from 1,5 to 3.0 (reciprocals from 0,67 to 0e33)e It can be
seen from figure 12 that thig entire rango of sonsitlvities results
in less than a 1,5 percent difforcnce in brake specific liguid con~
sumption, Calculations for the other engines produced similar
rosults,

Improvemonts in engines having uniform fuol-air ratio distribu-

tions, - The large cylinder—~to-cylinder temperaturo differences
existing on some enginos can only be partly accounted for by unequal
mixture distributions Other factors including unequal charge and
cooling-alr distributions, differences in piston-ripg condition and
cylinder lubrication, and difforences in valve end spark timing all
contribute to the unequal tamperaturce distributions experienced.

The effoct of achleving a uniform fuel-alr ratio distridbution
on the present.problem has been analyzed for ongine II and is shown
An figure 13, The changes in cylindor tomperature incurred by the
assumed uniform-mixture distritution arc shown in fisure 3.

The correction of oylinder temperatures and fuel-air ratios to
simlate uniform distribution at a basic fuelealr ratio of 0,065
reduces the maximum advantage of individual-valve enrichment to
about 15 percent, The data indicate the extent to which the fuol
consumption of engines having uniform fuel-ailr distribution but
nomuiniform tomperature distribution can be improved by individualw
eylinder onrichings
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SUMMARY OF RESULTS

From the analysls of cylindor-tow-oylinder tomperature and
nixturo dlstributions of four radlal alr-cooled englnes at the
agsumed conditlons, the followlng romarks epply!?

l, In typical air-cooled aircraft-engino installations operat-
ing under crulsing conditions in which overheating is ordinarily
prevented by enriching the fuel-alr mixturoc to the entire engino,
roductions in fuol consumption from 7 to 37 percont msy be reallized
even for moderately overheated ongines by adding water or fuel %o
only the overheatod cylinders,

20 Appreciable galns ln economy are indicatoed for temperature-
limited enginos operating at ratod power fuel-alr ratlo,.

3e Approciablo gains 1n economy are indicatod for temporature-
linitod enginos having uniform fuol-alr mixture distributions.

4, In gonoral, improvements in econory are practically indo-
pondont of tho sonsltivity of tho coolant valvos for wvalues of
sonsitivity groator than l.5 pound per hour per °F.

Alreraft Bngine Rosearch Laboratory,
National Advisory Committco for Aeronautics,
Clevoland, Ohio, July 14, 195,

REFERENCES

1l, 8ipko, Michacl A., Cotton, Charles B., and Iusk, James B.t Use
of Ductod Hoad Baffles to Reduce Rear—Row Cylinder Temperatures
of an Air-Cooled Aircraft Engine. NAGL TN No, 1053, 1946,

2e¢ Marble, Frank H., Rittor, William K,; and Millor, Mahlon A.}
Bffect of the NACA Injection Impeller on the Mixture Distribue
tiﬁg of a Double~-Row Radiel Aircraft Engine. NACA TN No. 1069,
1946,

3o Rothrock, Addison M,, Krsek, Alols, Jre, and Jones, Anthony W.!
Sumnary Report on the Inductlion of Weter to the Inlet Alr as
e Moans of Internal Cooling in Alreraft Englne Cylinderse NAGL
ARR, Aug, 19"-20




perature, °F

Rear-spark-plug-gasket tem

bsfe, lb/hp-hr

NACA MR No., ESGIY

%I!l' LI IR} T ey LA 2n TOey LA BN an 4

. NATIONAL ADVSORY
s S COMMITTEE FOR AERONAUTICS
400 A NG

L/ INE

.
\0

f
AL A A A S A Ak a2l [:lll 1220 18 44

4.0 23

N

L ]
-q

N\

\\

LAid

yd

LA 2.4

.5'.< ____;;/

14E-103
Y .IAAA bt d A d 4 A Ad Al All’l Aedado Al A 4 4 2 odod i AL LA AL £ 4 Ad A h A A 4
005 006 —07 08 009 .10 .11

l’uel—air ratio

Flgure 1. - Typical variation of temperature and brake specific
fuel consumption with mixture strength for engine II cylinder,
(From unpublished NACA data.)




NACA MR No. ES5GIN

LARE LAALE LA LR AR REAREERARLEEAREE LA BE AR E RAARE AR AN SO AALBRAASBEREAREE]

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

&
o

LA AR LR A AR AR AR AR RAEARNARREAS
/
Y
~
-

3
o

5

s
3

Original data
----- Modified data (maximum temperatures)

8

N
on
o

Rear-spark-plug-gasket temperature, Op

Aiarbandalanss desanisnegfosandenapieanntonnsbogaslasnsbonsadaosslaasatassaliasntonselannatsnsedasanltaongss

o
o N
3 ~V \
3uof
.0725
S osat
2o - 4
a E _—”‘\\‘
L -
© -
N 06N /
2 -
é: o

=
7
S

[ ]
8

Aadalaaasl aaadlaaasd aas s dadaaltatsn it asdadat latad iadasdasnsiidddinsiiidis

2 3 4 5 6 7 8 9
Cylinder

Figure 2, - Temperature and mixture distribution of engine I,
Engine speed, 1940 rpm; manifold pressure, 29,2 inches mercury
absolute; average fuel-air ratio, 0.0685. (Data from Army Air
Forces-Coordinating Fuel Res, Committee flight tests.)

o




NACA MR No. E5GIM

g NAT 1ONAL ADVISORY AL ALN ERAM ARALA RARAI RRALE AR RARA SRR RO RARASRAALS RARRNRERE] -:“
OMMITTEE FOR AERONAUTICS .
g N N A : _
¥ N \ O A I m
© E [} . 3
raARNENEY : N\ m
m. m /\ \\ \\\/— ) m
m Yo 3 \ // .w: E
g F / W\ 3
d o ! N R ]
(7] F T L 3
w ho m B\ \\\\\‘ \\' \\ //1% \ y m
2 F | I/ \ ZNIR E
) E ~ A ! 4 N E
I i I AN \ / :
N 5 / \ N
T
i A AN
M) 4

Original data
———-Modified data (maximum temperatures)

SR AARRERREANARAR

3 —=-— Modifled to uniform cylinder-to~
cylinder fuel-air ratio distribution
e {maximum temperatures)
o
~080F
- /]
=
+076C
m \ 7 N /
«078 J N

Fuel-alr ratio
\
T —
L1

.
o
Lo}

~.

.
Q
O

«05

b
4
/
£
Al
/
/s
<
A} TRTYY FYTVY FYVYR NV IV TP IO AT T VL YT FTUTE FRUTI FUUTI FEYTE FUTTY FRUYY SYETE SYTTY FVOPY FYevy I

[
E -3
i
[
Q

e
e e TFFIEFEVI STUTI SUTHTI N UTTY FYTWY SYUTE FEwry Freel FEves FEwYY FUUTS FYYVS ITTVE TV 1 TP POTT Y IS

1 2 3 & 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cylinder
Figure 3, - Temperature and mixture distribution of engine II. Engine
speed, 2000 rpm; manifold pressure, 32.6 inches mercury absolute;
average fuel-air ratio: original, 0.070; modified, 0.065. (Data
from reference 2.)

SEARRIRASEAARAD LAARNRARRAR)
/
\
I
|
[
~

+05




NACA MR No. E56I8

P 1SS AANESARARSERRE LS ARG ARARERARA NSRS RERE] NATIONAL ADV | SORY TITT)
E COMMITTEE FOR AERONAUTICS 3
460k A 3
E N A\ I 1) 3
&= E I\ ] LA JAN AN 3
[ Y - ' -
o E IV NN N L AR :
= UUo L2 / \ / 1.~ A 3
8 E K\ N/ \ Y 3
] o \j/ \ / \ 3]
& o ] At -
S C \ / \\\”‘ 3
& E A Y 3
3 hLeop 3
R ENVINV.NPA :
S b LN/ LY T Y N =
@ - 3
o 400
] - V N ]
- \ 3
2 E 3
X - \ 1 3
% 380
@ . e
2, - 3
|m - -
s F Original data :
o 360F -———— Modified data (maximum temperatures) :
076 F -
.0725 /// \\ 3
o C 3
ol - -
£ ,068F o 4> _ .
8 3 L~ \ / . N 3
- 7 ~ -
& . N E
d - ‘---- -
"5 o A E
§.06h: 4"’\ / ;
B o ,’\\ i \ ! E
o Vit 3
0060_ X II -
F N 3
= 45-103 3
.056-11 Al A A Al Ad b Al 2t ilssay ddd bl b A al i it LAl IR LAl ilasdaasaliasadidelll LA b
1 2 3 4 5 6 7 & 9 10 11 1213 14
Cylinder

Figure 4., - Temperature and mixture distribution of engine III,
Engine speed, 2250 rpm; manifold pressure, 33,9 inches mercury
absolute; average fuel-alr ratio: original, 0,070; modified,
0.065, (From unpublished NACA data.)



NACA MR No. EB5GIY
480

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

 ueok ;
!

3

IWUPE FRETE FUUTS SUTTL PV

420

",
-
-
-
-
-——bha
-~k
-
-
-
-

380

360

Rear-spark-plug-gasket temperature, °F

340

320

300

Original dat
— — — — Modified data (maximum temperatures)

sadannndegaalaaaadessedannadeon ol oaasedensnslygs

LB R RARARRARRARARANAARANZAERRRALESRASASRARREARAZARARAS RERSNRARARRAAREAREANALAEE AR AL RARRARASANRAAL] ARARSRASSS RAAADAERESRARAS
L 4
\ h
|1 .

076
s
072
APERaE
o 1 ;
ﬁ -
% o\ ] W[/ :
AR /\/ s
E L E
.060F S 3
/ A\ %
ossbodd L L L L L L L L L T d 3
.1 2 3 4 5 6 7 8 9 10 1 12 13 1k 15 16 17 18

Cylinder

Figure 5, - Temperature and mixture distribution of engine IV. Engine
speed, 1794 rpm; manifold pressure, 30.9 inches mercury absolute;
average fuel-air ratio, 0.064., {From unpublished NACA data.)




NACA MR No. ESGIWY

3 \

w ik !
E | A I AT
or§ w \\ ._. .s _— \ / \ _—— 1IN m_ﬂ .\ ../. \
M.E.o .m. .—. .. _’ \jr// \ / \. ,— \ / .\ ./. \ N H
3 v \ v M .\. \ \ W/ |¥
N —
L i
360
S 4TI A TN m
EY: /ﬁ//\/\/ JINVARV/ ]
m SRVERVIANY, m

sio
s b CoMMITTEE FOR ABKONGRYICS

m —_— - mwwmwmww MMMw (maximum temperatures) m
ose
AN m

Joss | A\ JARN AN
VAN ; )\ \ ) m
1 - 3
o8k E 3
P N

1 2 3 & 5 6 7 8 9 10 11 12 13 1k 15 16 17 18

Cylinder
Figure 6. - Temperature and mixture distribution of engine IV. Engine speed, 1996 rpm;
manifold pressure, 33.| inches mercury absolute; average fuel-air ratio, 0.088.
(From unpublished NACA data.)



NACA MR No. E56GIY

Wd‘j L AREA RRRRI LA RARRAREAAAR AL AR S RARIE RS RS ARE S L AR RS ALE RARRE AR RS RS REANE RARS M \AS RARASBALES LARA "
3 114 ]
o o s B 3
u VI =
o .\. / .J/V /.r > m
o P \ / a2 O 3
- F ’ ' N 7
- N L § p
- B N - N 3
o -7 AN — N\ 3
- [ 4 1% . \
- \ -
/1 /% N\ N “
N A \ * / \ / 4. F
o ) \ 3
E [/ \\ L.. A /f // s // /r ]
C/ D \ 3
E/ 3
3 1% ) M /4 E
3 p \ K \ 3
m ] N\ & \
F (a)| Carfpurgtor [fuel-aig ratio. (a) acme addled in adaition fo that 3
o SuUbD ﬂnnibh LNHULHnHJH 3
E sefting, =
= P~ 3
Y
m /lf IIII m
AN ~d 3
awf ableN! ¢ TN =~ 3
E teqmp. |- At 3 ~<
° p.F PO ESVMIAN L e b E
r rFyn L .
3 ne N / / ~ 1
m . Y : BV A // AN P .
by N T -3 ~ ST E
g N X ||L // N o~ 3
S T N N ~
L oF // ™ / 3
< °F \ N RENEE
s £ N ~ N 3
- o N ]
- &E ) 3
& 8F E
AM'. Ifr m
i3 N m
& 3
E(b] Fuel wgnon in addibion| to that (e) tmnAH riow,
E uppliedlat ¢ruiking| carpurefor pett o
E 3
v llll\ 3
1 IVA\I NATIONAL ADVISORY 3
7 N COMMITTEE FOR AERONAUT ICS I
A -
- r/ /r =
L d ™ A Y -
Ld S \ -
O h S
(" 1
oL N . 3
.m"/, S e———— Cylinder 1 E
4 . 5 N = = == Cylinder 2 r
\ \ — - — Cylinder 3 3
\ 3
) AN 3
a” \ n
S Lol ol b b b b b b b b (1451107

(o) Fuel added in addition to that
supplied at cruising carburetor setting,
Figure 7. = Illustration of method of obtaining final results in analysis of cylinder-to=
» oylinder temperature and mixture distribution.



NACA MR No. EBGIH

“o ulll LARES RAREI LARARSERARERARAARERAREEALAAL BB Trrrgyvrergrer
o NATIONAL ADVISORY
< COMMITTEE FOR AERONAUTICS 400
o et

460 F
E N

wo \ER\\\ \\‘\\\\Q\\
E < \\\\\\\\ 360 N \\\Q\

420 f \\ \\ N \&;
E \\\\ \\ 340 \\ w\ \ AN

200 E Maximumjallowable tpm \\\\\ \\ \
3 pivity LIDZ A
o Valf_e__s..e—nﬁa-——"'—— -‘\\\ N o
Ha) [MaxJmum 1n1:1&1'temoerabu§>$\b > (a)|Initial|temperafure| differehce,

3so:di‘f'taam: AT, 76° F ool 9% F

& E

Lo E tioo
% /\\ c{,___—.__—-.———'-——"
3 N\ N

420 F R 380 NLN\N
My = \\\\ NN
: NN ’ NN

N \\ N N

Rear-spark-plug-gasket temperature

Y
\\\\ 340 \\ \\\\\ %

380 q
s AN NN
MANAS) X
360 = \\\ 32 \\
N©) [Initial] temperature] difference,| (e) Iniqial [temgerafure{differegce,
E AT, 400 F aq, 29 F,
340F 30
2ok ko
E 7\ _—______————
- 4
F hNOSEN NN
’-I»OO: \\ < 38 = \
7 RN k\\
se0F N \\\\\x 360\\\\\\\\\ L\\
: \\\\\\\\ \\\\\\\\\
- N
o S
coF NN 4o NN
360 \ \ 3 \
E h
E N N
340R AT 32
el [Initlal] Temperafure \\ ?) Enithal [temperatjure
. afrretenc, oF, 200 Fp L AL L _difgerened, A%, A0 R L NPT
0 5 10 15 20 25 © 5 1 e 25
Fuel added, Lb/hr
Figure 8. - 1llustration of method used to determine amount of fuel to be added to mixture of
each cylinder in order to limit maximum tewmperature. Engine I; endine speed, 1940 rpm; s«

manifold pressure, 29.2 inches mercury absolute; carburetor fuel—-air ratio, 0.085.



NACA MR No. E5GIM

m}lll TrsT LAARE RASS ueo LASASARAERAAANRARAARAALL RARA) TTreerrrrroee
- NAT I ONAL ADVISORY ]
9 \ COMMITTEE FOR AERONAUTICS :
- l6oE b\,\\\ : 4 -1 lhoo i
E Q\ ) N ———“"'—————_—- E
MOE N \§\ ; 380 \\\~ J
E \\\x | \\\\\\\ f
uZOE §§\\ <§§§\\ 360 .\\\4\\\\C:ﬁ\ %
] WENN N 3
3 \ N ‘ 3
koo F2 340 |(a In:ltna1 temperaturd differdnce]
380 E(a Maxim b a _ji@‘s \\ E
B Fafure[ differdnce A1) o 3
i F ]
g wo 2
EEN o =
= — .
Eueoz \\\\\\ N\ |t 3
F N 3
&kooz NN \&\ AN \\\*\ ]
P TR RN — NN ;
O 5(\' \\\\ 360 \\ \\ 3
33305 ANANN MR E
T NY | AV 3
- 40 - :
5156°§(bz Inﬁb%a% temperajturd diﬂrerqnce ? (eg fn;}lgl temperafure dirrerenceg
3 < 3
E a
20 400 -
g N _’-/—""——— E
%00 EI\ _ 380 R ]
3 . p—1 NN E
”og \\\\\ 360 \\\‘\ \\\\\ 3
s SIS NS\ ;
3 N N NN 3
] NN N :
E AN\ E
3“0:10) Initiall temberakurd diffferdnce 320 (r) Initfial [temferafure|dirterepce ]
AR 2008, 0L L b, rT‘, U PR b hf}:- e bl ., AYOFAPA

0 5 10 15 20 5 10 15 20

25 4]
Water flow, 1b/hr
Figure 9. - Illustration of method used to determine amount of water to be added

to mixture entering each cylinder in order to limit maximum temperature,

Engine I; engine speed, 1940 rpm; manifold pressure, 29.2 inches mercury abso-

lute; carburetor fuel-air ratio, 0.065.




NACA MR No., ESGIN

LA R AN RN RN S RS AR RN AR RS AR

3

NATTONAL ADVISORY AR RAEREERIRAR AN AR
COMMITTEE FOR_AERONAUTICS

e Fuel added with closing device
==~ Fuel added without closing device
— -~ Water added

L1

ddaasadaasadasalasaalaeagdeanadaganlasaadsaasdonandaasslaoaslansadanyglogsy

LY

Engine speed, 1940 rpm
Manifold pressure, 29.2 inches
L/, of mercury absolute
V/
4 Carburetor fuel-air ratio, 0,065

\N

aadaasslenas

14p=-11b

-5"!!‘ saaalaaaabaaaa e bataadaaradadaadsaaadaaaadissada s bl FESA NSNS NEN AR ENVERINENVIENSTE VIR ST]

20 10 [ 10 20 30 ho 50 60 70 80
Initial temperature difference, AT, OF

AR LALRE LA AR LA LA RAAA RARAS LRI RASRE SALRSSALSY R4S RS RIAERAARIRAARNEARAS RARASRARRERARES

a) Engine I.

Figure 10, - Percentage change in brake specific liquid consumption obtained by
automatically adding coolant to overheated cylinders as compared with adding
coolant to entire engine.
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